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2, 3, . . .
b (x, y, z) t
W W (o, b, x, y, z, t) o b






b, c, . . . B , x, y, z, . . . Q
0, 1,+,× Q
Phb, Obsb,≤qq,Seeq4b
φ ::= Atom|¬φ|(φ1 ∨ φ2)|∃varφ|♦φ
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vel(b) = (v0, v1, v2) ∃x ∀y









(W,β, F, I,W ×W )
W β F
I β F
0, 1,+,×,≤ F I
I(Ph) ∪ I(Obs) ⊆ β I(See) ⊆ W × F 4 × β
β, F
Seeq4b
S = (W,β, F, I,W ×W )
w ∈W
S |= Obs(b) ⇐⇒ I(b) ∈ I(Obs)
S |= t ≤ s ⇐⇒ (I(t), I(s)) ∈ I(≤)
S, w |= See(x, y, z, t, b) ⇐⇒ (w, I(x, y, z, t, b)) ∈ I(See)
S, w |= ∃xφ ⇐⇒ (W,β, F, I ′,W ×W ), w |= φ
I ′ I
x
S, w |= ♦φ ⇐⇒ S, v |= φ v ∈W
 ∀
(F, 0, 1,+,×,≤)
Obs(b) → ∃v0v1v2(vel(b) = (v0, v1, v2))
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Ph(b) → |vel(b)| = 1
|(v0, v1, v2)| < 1 → ∃b(Obs(b) ∧ See(x, t, b) ∧ vel(b) = (v0, v1, v2))
|(v0, v1, v2)| = 1 → ∃b(Ph(b) ∧ See(x, t, b) ∧ vel(b) = (v0, v1, v2))
x, y, z, t ∈ F
b1, b2, b3
(x, y, z, t) e = (b1, b2, b3)
See(x, y, z, t, e)
∧
i=1,2,3
See(x, y, z, t, bi)
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xi i < 4
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v = (v0, v1, v2) ψ ♦vψ ∃b(vel(b) =
v ∧ ♦(vel(b) = 0 ∧ ψ))
v ψ
S = (W,β, F, I,W ×W ) |= w, v ∈W
p : F 4 → F 4 F 4
S, w |= See(x, y, z, t, b) ⇐⇒ S, v |= See(p(x, y, z, t))
p : F 4 → F 4 S |= 4, 5
p
b ∈ I(Obs) ∪ I(Ph) {(x, y, z, t) : S, w |= See(x, y, z, t, b)}




S |= Ax, S ′ |= Ax S =
(W,β, F, I,W × W ) S ′ = (W ′, β′, I ′, F ′,W ′ × W ′)
i : W → W ′, j : β → β′ k : F → F ′ k
w ∈W, b ∈ β




p(l) l p p(l)
M L R4
IM
(p, x, y, z, t, b) ∈ IM(See) ⇐⇒ (x, y, z, t) ∈ p(b)
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M Ax
φ
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